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Definitions 
Median-fiber stresses 
Given initial deflection coefficients 
Unknown coefficients concerning net deflection 
Ratio of effective width to actual width or effectiveness 
of plates 
Total loads in the x and y directions, respectively. 


Lateral load 





I. INTRODUCTION 


Naval architects are well aware of the weakening effect of deflections 
in plating under compression. An analysis of the effectiveness of the 
plate, defined as the ratio of the contraction or extension of a deflected 
plate to that of a perfectly plane plate under the same in-plane edge 
forces, has been investigated by Murray [8] and by Horne [9]. Murray's 
conclusion is that the deflections noted in the plating of merchant ships 
do not, in general, have an important effect on the effectiveness of the 
structure unless the plating is very thin. For plating in compression, he 
suggests that the initial deflection should not exceed 0.3 times the thick- 
ness of the plating if great loss in efficiency is to be avoided. 

An investigation for plating in aircraft structure was undertaken by 
Hu, Lundquist, and Batdorf [10]. Their conclusions for plates in compres- 
sion are: 

(a) The effects of initial deflections upon the buckle growth and 
effective width of simply supported square plates are most marked near the 
theoretical flat-plate critical stress. At stresses well above or below 
the critical stress, the behavior of a plate with an initial deflection is 
very much the same as that of a plate that is initially perfectly flat. 

(>) The effective width for load-carrying capacity of an initially 
deflected plate is at all values of stress less than that of an initially 
flat plate. 

The way in which the net center deflection increases with the average 


edge stress a is shown in Fig. 151 of reference {7]. It shows that when 





Note: [ ] indicates reference number under References. 
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a plate with an initial deflection is compressed, the deflections grow 
slowly at first and then rapidly as the critical load is approached. In 
the case of the perfectly flat plate, of course, there is no deflection at 
all until the critical load is reached. As seen from Fig. 151, the rate 
of increase of net center deflection approaches the deflection for the 
perfectly flat plate at values not far above the critical load. The above 
explanations also describe Fig. 3-a of this paper. 

In this present paper the author approaches the same problem by large 
deflection theory for three different aspect ratios using one term in the 
longitudinal direction and fifteen terms in the transverse direction. Its 
theoretical part was developed by Marguerre [3] for the plate with initial 
deflections as far as the author knows. Levy [2] solved the fundamental 
equations exactly for simply supported plate, and Yamaki [1] further 
developed Marguerre's formulas for various boundary conditions. Recently 
Dr. Schultz [5] performed some experiments of post-buckling behavior of 
wide ship plate considering the initial deflections without the theoreti- 
cal calculations. He did the theoretical calculations only for the flat- 
plate case. 

Upon the suggestion of Dr. Schultz, the author has investigated the 
effect of small initial deflections upon the effective width of wide ship 
plating based on Yamaki's [1] equations using an IBM 7090. 

The present investigation is limited to simply supported edges with 
aspect ratio B of 3.5, 5.0 and 6.5. The author also assumed that the 
initial deflections were caused by uniformly distributed lateral loads. 


The author employed the computer programming developed by Shao (6] for the 
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calculations of initisl deflection coefficients for three different 


aspect ratios for steel plate, assuming that the Poisson ratio is 0.3. 





II. YAMAKI'S SOLUTION OF MARGUERRE'S FUNDAMENTAL EQUATIONS 


In the following, a short summary of Yamaki's solutions of Marguerre's 
fundamental differential equations for the finite deflection of initially 
deflected thin plates will be given to the extent necessary for comprehen- 


sion of the procedure to be used in obtaining numerical results. 
1. Marguerre's Fundamental Equations 


1, *r dtp ate p( + w) , Fu +) 


aigiate. anni a2 
a Py ~ Oxdy 3x" 








ac (Ww + w) (a “u. 3° a 
ay" —— a) _ dy” 
fe Bey OMw Sou Mw sey Sey OMu Ow 
O O tax 0 , 
= a a A eee ee 
Oxdy ae dy Oxdy Oxdy Ox dy dy Ox 


Vweo- 
D 


——— sae eee eee ee ee 8 Ores" 


a oP Oo (y+ Ww.) o°P am ty + Ww.) oer 8M (yw + Ww.) ‘i 
— ge Oe ‘ 2 
| dy> x dx ay* Sxdy - 3xdy 


F is Airy's stress function, defined by 


o°F 3° o°F 
GC = 3 ; 0... Se -s a =~ ae (3) 
x 3y yaaa xy” Bydy 


ry 


eben 1 acct oe wt a Ae em oe ® Namalied sat of 
Gldtelal Sy metpraltat eer aud 07 ai none deem sTELh Lednenenens 
ee ee taeeey fe a iikby ak LL meet id Pawn th 
Ee Texteneum gains e+ tame a6 ol coming ety Vs vod) 





Po gh RR 


re! 





fee ¢ £1 
a ae e& = 4 
“ tee Se aoe 









Lo? Me, aroha 
- | a | 


ee Gwlem acbiere’ ease scat Ai ' 7 


Sn, H Me 
; >" wi, 
iy —sn oe ‘= or ‘Ss? 





2. General Solution of Marguerre's Fundamental Equations 





Fig. l-a. Rectangular plate under edge compression. 


We consider a plate in edge compression as shown in Fig. l-a, 


simply supported at all edges, having the aspect ratios 
8 = b/a . (4) 


a. Boundary Conditions 
We will state the boundary conditions for the problems here 
treated, Fig. l-a. They consist of the loading and supporting condi- 
tions along the edges. 


(1) Loading Conditions 
Concerning the loading conditions along the side edges, x = +b/2, 
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a/2 °F O° PF 
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y -a/2 dx Oxy 


In words, the edges are kept straight by a distribution of normal stresses, 
the resultant of which is Zero. 


The loading conditions along the loaded edges x = ta /2 become 


ta /2 o°P = cae 
lene “f [3(53- 2S) BBS] oe cne 


b/2 O°F o°F 
all 


~b/2 ane Oxdy 
where P is the total loads in x-direction and oe is the average compres- 
Sive stress in the x-direction. 
(2) Supporting Conditions 
We will treat one case only--all edges simply supported. This 


condition can be expressed as follows: 


O<w Onw 

ve— 0, ae = QO along x = ta/2 ; (7) 
x ox dy 

Ws oO; a = (S + ‘* so = Q along y= th /2 8 (8) 


Further, the initial deflection We is assumed to satisfy the same 
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conditions as w. 


b. Determination of the Functions F and w 


Now we will determine the functions F and w which satisfy the fun- 
damental equations, together with the given boundary conditions. 
The initial and additional deflections, which satisfy the boundary 


conditions may be expressed as 


< 
| 


= Lo a nc os(mmx/a cos (nmy/b) ; (9) 


= 
It 


t Los d ncos(unx/a cos (nmy/b ) ; (10) 


Where M=-=h = 1, 3,5, * "79% 
(1) Stress Function F 

In Eqs. (9) and (10), a, and b | represent the prescribed and 
undetermined deflection coefficients, respectively. Substituting these 
expressions in Kq. CH; the results can be generally expressed in the 


following form: 
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VF = ij C saith 008 (11) 
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p=0,1 g=0,1 
where C__ are the quadratic functions of a  andbd_. 
pa mn mn 


A particular solution F, of Eq. (11) is given as 
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PA 16(Bp~ + g7)® PA 
Letting 
Fe-iay +F, , (14) 


it can be verified that F satisfies Eqs. (1), (5) and (6); hence F is 
the stress function corresponding to this particular case. 


Thus the stress function F may be generally expressed as 


eqTt 


P=- poy? +m? ) > cos ——x cos ——-y. (15) 
0 Pa 

a Db 
p=0,1 g=0,1 


It will be noted that Pog are, as Coa quadratic functions of am 
andb_. 

mn 

The determination of the coefficients Ca is carried out by substi- 
tuting Eqs. (9), (10) and (15) into both sides of Eq. (1) and by matching 
the series on both sides. 

(a) Stress Function Coefficients. The author derived the general 
equations of Pog by a standard method, as follows. Substituting Eqs. (9) 


and (10) into (1), we get 





ia 
ie ae 1 “ 2 12 
Va = ». ee Phe (mnm'n"b , ,(2a + b ) =>. We mm 
a-b° Norn mn mn mn m'n’* mn 
s t a t 
2 2 2.2 (m - m') (n - n') 
+a mn* +a_m'n)] cos ————— mx cos ————— Ty 
mn mn 
a b 
- [mnm'’n'd , ,(2a +b _) +d, ,(d ton’? aaa le ete 
m'n mn mn m'n'*> mn mn mn 
(m - m') Gn ten) 
° a nnenemep ane ere eemeneenereme ~ th? ot 
cos ; TX cos ; Ty - [mmm'n bt thea, Dan) 


(Equation continued on next page) 
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(m + m') (n - n') 


2 1c ese 22 
+b lb mnt +a mn" +a min’ )} cos ett ——_ Ty 
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This result can be generally expressed in the form of Kq. (11): 
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p=0,1 q=0,1 


Equating Eqs. (16) and (11), we can see that Eq. (16) consists of 


four parts: 
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ven { and { 
2q = |n - n'°| eq =ntn' 
gel. tt + . 2 3: 2 ye 12.2 
~ = ; bonm n ba, h2a_ ban? Dt 6? all a ta on’ +a mn ae 
(17) 
2p = |m - m*| 2p.= neem 
vhen 4 and { 
~eoeain ton! 2q = In - n'| 
2 4,2 one 
sof ee, 2 +4 + 3 +. t 
Ce Z > (mmm 'n Batts (2a Dn Dn Cb mm a ant 


+ amin’) . (18) 
Substituting Eqs. (17) and (18) into (13), stress-function coefficients 


p_._ become as follows: 
Pa 
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(2) Deflection Function 

For the determination of the unknown coefficients Dag. contained in 
the expressions of w and F, Yamaki [1] applied the Galerkin method to the 
remaining Eq. (2). This leads to the requirement that the following con- 
ditions be satisfied by each function cos(2pmx/a)cos(2qmy/b), in terms of 


which the deflection w is represented. 
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Substituting the expressions for w, ue and F obtained above and integrating, 
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Eq. (21) yields the following general equations: 
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(m=n=r=s=l1, 3,5, °°). (22) 


In this equation, »% is the nondimensional load factor defined as 


h = od e Ee ; (23) 


It will be noted that Eq. (22) gives a set of simultaneous equations 
involving cubic products of Dn’ Solving these equations for each pres- 
cribed value of A, the corresponding deflection and stress functions can 
be determined; thus the problem is solved. 


The critical load of the wide plate is given by Dr. Schultz [5] as 
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III. NUMERICAL SOLUTIONS 


The theory outlined above vill be applied to investigate the effect 
of small initial deflection on the effective width of wide ship plates 


having the aspect retios of 
6 = 365; 5.Q, 6.5 @ 


The initial and additional Geflection equations (9) and (10) will be 


limited to 
m= 1; meses fl tw yg DD, 


assuming that the curvature in the x-direction is expressed by the one- 
term cosine. In [5] the validity of this assumption was checked by con- 


sidering the case m=n=1, 3, 5. Poisson's ratio is taken as y = 0.3. 
1. Stress-Function Coefficients 
NM I Ts ME 


Considering m=m'’ =1 andn=n' =1, 3, - + * , 15 only, we will 
have Pog index combinations as listed in Tables 1 and 2. Png corres pond- 
ing to these combinations have been developed by the author and they are 


tabulated in Table 3. We have 30 rer 
2. Additional Deflection Coefficients, Ris 


Substituting the above results of el into the general equation (22), 
a set of cubic equations is obtained, which has been solved for several 


and determining the other b, values 


B values by assuming values for b In 


1,2 
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and corresponding 4 values by successive approximation. 

The iteration process was carried out with an IBM-7090 electronic 
computer. The original computer programming for the initially flat- 
plate case was undertaken by Jan. The results are listed in Tables 7 
through 12. Even though the computations were done for 7 different 
initial deflection conditions, the author limited his listing here to 
two cases only for each different aspect ratio. The net center deflec- 
tions for three different aspect ratios for a flat plate and small 
initially deflected plates are shown in Fig. 3-a. The drawings have been 


limited to two cases for each aspect ratio. 
3. Initial Deflection Coefficients, aon 


We will assume that the initial deflections were caused by a small 
uniformly distributed lateral load. In [2] the solutions for such a case, 
considering one term in one direction and 6 terms in the other direction, 
nave been investigated. In [6], Shao further developed the solutions 
for one term in one direction and 15 terms in the other direction and 
developed the IBM-7090 programming for such a case in order to get the 
deflection coefficients. In essence, all assumptions are the same as 
this case, except loading conditions. Therefore, the author made use of 
his computer programming in calculating various initial deflection coef- 
ficients, assuming Poisson's ratio as 0.3 instead of 0.316. The results 
are listed in Tables 4 Gaeenen 6, and they are shown in Figs. 1 through 


oe 
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4, Membrane Stresses 


In deriving the membrane stress formula, the author followed Dr. 


Schultz's method. The membrane stress is given by 
2 2 
Ox 79 F/dy ) (3) 


where the stress function F is given by 


ik = 
F=- 3 0y * Bee dds cos —— x cos —— ee Oye ees 





b 
(15) 
where 
2 28 2\2 
=a 16 F ; ii 
®rq pa? [1618p qa) (13) 
Substituting Hq. (15) INES (3), we get 
oop - late - emp 271g 
GC =——=60 =~ Et ) de X———- gd cos ——~- X cos —— y 
mx aye 0 pa b* a D 
Pq 
ne Eto D 27p 27IQ 
=-0 ~- 3 w) de Geechee xX COS ——— y . (26) 
. b Pa a b 
2 
Because 4 = Ob C/E Bt ; 
nEt /b° a o/x } (27) 


Substituting (27) into (26) and rearranging them, we get 





O x 2atp eTId 
mix mae aPoos — x cos —y . (28) 
b 


But the critical load of the wide plate is 


oe Ba yr, (24) 


where K = (1 + Wee. Combining Kq. (27) with (24), we get 


dX ip ( ; KB“ (88) 
ee ed — eee ee 29 
2 e 2 
cece 12 OF ae) Sa _ 12(1 - y*) 
Substituting (29) into (28), we get 

o KBo 271g, 

me wae LLM gPeos — x cosy, (30) 

Gi. f2aKa = b 





where p= 0, 1, q = 0; 1, 2Byltoc °, as. 
5. Effective Width 


In deriving the effective-width formula, the author followed Dr. 
Schultz's method, instead of Yamaki's method. The effective width of a 


buckling plate is defined as 


oe average stress 
= (32) 
b maximum stress 


or 
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eb. = ob > (32) 


where on is the compressive load, uni- 

formly distributed over the breadth b, 

and 0 is the edge membrane stress. 
mxe 

Because it is usual practice to consider 

membrane stress only in effective-width 


computations, the membrane stress at 


TH tae iat To Te 





| the edge can be considered as the maxi- 





(eee 


mum membrane stress. 
The maximum membrane stresses are found by substituting y = tp /2 
into kq. (30). Then Eq. (30) becomes 
2 
KB 


a | L Pog (-2)9 - 4d, %1q2 (-2)%cos (2mx/a) - (33) 


= = 
oy 11 - vv) 


From Eq. (32), 
a/o, =v,/> - (34) 
But 
a 


272 
dan = Toy? /r Et . (35) 


Substituting Eq. (24) into (35), we get 


a 28 = 2 
hoy = Topo /W Et” = KB frotl- vv). (25) 


Substituting Eqs. (27), (34) and (25) into the left-hand side of Eq. (33), 


we get 
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a a: (36) 


o KBo d oO v* og bd 
mxe mxe cr ) _ xe 
C b 
oO e 


cr 


Substituting Eq. (36) into (33), the effectiveness becomes 





b Xr 
Se ae ee (37) 
Dd 2) ey Ly Poq2 voy") ae; Le Pig Ca) cos(27x/a) 


Equation (37) shows that the effective width is not constant over the 


length of the plate. But we know that 
~a/2sxasa/e. 
Because only symmetrical cases are considered, 
Osxsa/e. 


Therefore, 
O € cos(2m/a) $1. 
We can see that the effectiveness of the plate becomes maximum at 
x = ta /2 and minimum at x = 0. Considering the small amount of change, 
at ete ta/t, which is half-way between the center line and edge of the 
plate, cae Only the average value into account, the effectiveness of 


the plate becomes 


x 
e 
sts ee oe ct ee a Ce (38) 
2 q 
b Boe eee L Poq2 (5) 


oO 
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The lower bound of effectiveness can be found by 








b, d ' 
2 | 2 o” 
b a Poq2 (-1) ua P92 (30) 
and the upper bound of effectiveness can be found by 
be x , 
ae @ (40 
2 q 2 q 
-A - 4 ~ - i : 
v t Pog (-1) Le P99 (-1) 





The results are tabulated in Tables 13 through 17. They are also shown 


in Figs. 4 through 7. 
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IV. CONCLUSIONS 


1. The effects of initial deflection upon the effective width of 
a simply supported wide plate in compression are most marked near the 
theoretical flat-plate critical stress (Fig. 7). At stresses well above 
or below the critical stress, the behavior of a plate with an initial 
deflection is very much the same as that of a plate that is initially 
perfectly flat, provided the center initial deflections are much less 
than 0.08t. 

2. For the same load condition, a wider plate has less effective- 
ness. 

3. Relatively speaking, the degree of initial deflection causes 
much more reduction of the effectiveness of the plate than the aspect 
ratio does. 

4, The effective width is, at all values of stress, less than that 
of an initially flat plate. 

5. The net center-deflection curves, with various degress of initial 
deflection (Fig. 3-a)}, have the same form of the effective width curves 
(Fig. 7), provided Fig. 7 is rotated 90 degrees counterclockwise. 

6. Within the critical-load region, the experimental data closely 
agree with these theoretical results. 

7- For an initially deflected wide plate, its magnitude exceeding 
O.1t, the effectiveness is very low, either because of the different - 
assumptions or for some other reason. 


8. The effective-width curves have inflection points at critical 
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loads. 

9. The equation of effective width shows that at zero in-plane 
loads, the effectiveness of the plate must be 100%. In Figs. 4% through 
7, the curves seem to start from points other than 100% points, but they 
are not true. The author surmises that if there is an initial deflection 
in the plate, the plate has 100% effectiveness if no load is applied, but 
as soon as any in-plane load is applied to the plate, an interaction 
starts between initial deflection and additional deflection, causing 
effectiveness to drop suddenly, depending upon the degree of initial 
deflection. 

10. The effectiveness under the conventional conception is almost 
independent of the x function (longitudinal). The computed results show 
that the difference is far less than 1% between maximum and minimum 


values. 
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TABLE 3. Stress Function Coefficients, 9 rq 


2 0.545, [b,° + 2b,b, + 2bqb, + 2d,b, + Zb,by + 2bob,, + 244d), 
+ 2b) 4046 + 2b, (a, + a.) + 2b, (2, + a.) + 2b, (a., + a) + 2 (a + Bo) 
+ 2b(2., + 844) + 2b, (89 + 243) + 2b, 4(a1, + 215) + 2b 1,844! } 


Poo = 4d oath, (b, + bg) + b(b, + Daye + bg lb, + b4) * dy bis + b, (a, + ac) 


of 


b(a, + a7) + doa, + Bg) + bla, +: a4) + bg la, + 213) + bj, (a, + 245) 


+b..a. + b..a..]. 


32 2 
Po3 = HeSdgglb,(b, + 2bg) + 2b,(b, + d,,) + Ab,(b, + d,,) + 2bob1. 
+ 2b, (a, 5 a7) + 2b,,(a, v Bq) 7 2b, (a, + eae + 2b, (a, + 213) 


+ abo (a. + ays) + 2b, 186 + 2 427 + 2b 1589] : 


Poy = dg, [d,(b, + by) + da(d, + d,,) + body, + Bybye + dy (a, + ag) 


+ baa, + a5) + bela + 213) + bola, + a15) + bya +b..a. + b._a 


3 , “Liss. ieee 
+ Dy 5A7 
Po5 = 12.5dge lab, (b, +b,,) + 2b(b, + by 3) + dolbs + 2045) + 2b, (a, aD 
— 2b, (a,, + 213) os 2b, (a. i 245) a eb,a. t aba) + 2b, 48) + 2b, 383 
+ 2b4585] . 
Poe = 36d fb, (b,, “+ b,,) + b3(b, + bag) + bgb, toe) + 2,3) + b(agt 245) 
+ bea, + ba, * bgp, + bya, +b, ,8, + b1521 ; 
Pq? = 2h .5a [or + 2b, (0), + big) + 2b,b,, + 2b,d9 + ab (a, + 245) + 20,814 


+ 2b. 8g 1 2b,8,, + 2bo8. + 2b, 18 + 2b, 32) “ 2b458,1 ; 


Pog = SHdogld,b 5 + bb), + bed), + bobo + bya, + baa,, + doa, , + bra, 


+ i + ; 
bya, by 48s by 38, bi58,3 


Z 2 
= 40.54 qq bb, “ 2b 016 “- 2b,0, 5 = 2b,014 + 2b816 - 2b,8) 3 + 2b84) 


+ 2b + 2b, 187 + 20, 485 + 2b 28, : 


%0,10 = 1008 


—- 


Pog 


0,10! P5Py5 * Pyby3 + Body, * bs 


+b..a +b..a_] . 


13-7 0) 


a + ba te (Dever + bare 
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TABLE 3 (continued) 


= 60.5d [v@ + 2b_b.. + 2bib.. + 2b.8... + 2b.e.. + 2b..a 


Po,11 Cues 1h 7°15 9°13 7°15 o-13 2°28 
+ 20489 + 208.1 : 
% 10 = Ud, jolboby« oh 044533 + YF 15 + % 11933 + D387 + by 589) , 


- 84 5d [ e 


9,13 0,13 ¢P23 + Paras * 2Pyy 845 + 245813 * 245%),! - 

P14 = 19644 41,401 3°r5 + > 3826 + b 583) ‘ 

%o,45 = H2Sdy jo[bl, + 2b,.0,6) « 

P1097 0.54, glby + 905 + 2505 + hoe + Bib, + 121b" + 16907, + 22505 
+ 2b,a, + 18b..2., + 90D E26 is 98b,2.7 si 162989 s ah2b, 21) + 338d, 4233 
+ 450 bi585! : 

eg hd, fo, (b, + Kb.) + b,(9b, + 16b,) + by 4 (25b, + 36d, ) + 49D, .ba6 


+ d12, * va (a, + bag) + bg (ha, + 98. 


+ b, 1 (25a, “ 36a, ,) + db, 4(368,, + 498.6) “ 4b 621.) : 
(b, + 9b.) + b,(25b, + Bib, ,) + by (49b, + 121b,,) + 169b 


+ b(9a, + 162) + byl iéa,, + 25a,,) 


iS d, ald, 11°45 


* bj (a, + 9a.) + ba(a, + 25a.) + b, (9a, ‘ 4989) “; b, (25a, + 81a, ,) 


+ byl 49a, + lala, .) + b, (81a, + 169a,,) + 12la9b,. + 169b i 


137 hd, ,to-(d, + 16b,,) “ b,(4b, “ 25,3) + dg (9b, + 36016) 


io b, (a, + 4a,,) + Ob 


ie 


389 + bela, - 16a, ,) + d(H, a 25244) 
4 by(9a., + 368,,) + 162.0), + 25a,,b, 2 + 36890, <] : 


P14 = Ay 1,fb,(9b, + 25b9) + d,(d, + 49d,,) + Blb,b,, + 121b,b,, + b, (9a, 


+ 2584) - b3(a, ts 49a, 4) os bela, + 81a, ,) a b,(9a, a 121a,<) + 27810 


+ 49a,b,, + blab), + 121a_b, «| : 


aoe Hd, tb, 


+ bale, + 16a, ,) + 25b 


(4b, + oo) + b,(b, . 16d, 5) + 25 >Pi 6 


5%15 + b,8. + 4g, + 90,44 + 16b, 22, + 25015861 


+ b, (4a, + 9a,,) 
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TABLE 3 (continued) 
16 = d glb,(250,, : 49d, .) + b,(9b, ‘i 81b,,) + deb. + b, (498), it 25a,,) 


+ b, (818, + 985) + ba, + b-a, + 9oo2. + 25b..a. + 4Ob..a. + Blb.-a.] . 


5 Se 2 1 et, e™) 15°3 


= ha, a[b, (9b, , + 16d, 5) + WD sy + baby + b, (26a, , ~ 92,3) + 4854 


+ bea ~ dS. + Wy 48 - 9b, 32) + 16b, 8] : 


18 = a, glt9b,b.. + 25b,0) 2 + 9beb5 4 + drbp + 4Ob 1816 + 250,815 + 9b,8)) 
bI8g + dg + 91186 + 2501 223 + 49, 8] : 
P19 = Hay g(9Pzh 5 * Mbgby, + bby, * Mb 


Wb, 48 + 95.2.) Z 


P1010 = 91, 1062955 
+ 9b 


Nas 


+ 


3°15 + 4.8, “4 bead + D148 


+ ba + b_.a 


[2 13 * Oaain ago 


qazs oP’ * 278 


13°7 * 254585) - 


Pyar = Hy yy MP pPy5 FT Poby3 + Hbvays + Bga,5 + Py aAg + 4y~8,) . 


P12 = Ay, polMob 5 * P13 + MA, + OY12,3 + Oy 48)) + Wy 58) - 


"one Hy 136? 1yPa5 P15 P5844) ° 


Bas 


Tl Gy 467345 Tee b58)3) 


v1 


ae 


di. = a 
Pa 16(B“p* + q°)* 


NOTE: In Dan? m= 1 for all cases. For clarity m = 1 has been left out. 


Example: ors is represented by bo: 
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TABLE 13. Effective Width 
v = = 4/1.3122 for B = 3.5 
Effectiveness, p 
B i a X y Max. Average Min. 
0.28819 | 0.28256 
0.31648 | 0.31145 
0,35216 | 0.34781 
0.39752 | 0.39393 
0.45547 | 0.45273 
0.52931 | 0.52742 
0.62174 | 0,62065 
0.73237 | 0.73189 
0.85242 | 0.85229 
0.95634 | 0.95633 
0.98853 | 0.98853 
0.99710 
0.9995: 
0.26525 
0.28982 
0.32049 
0.35913 
0.40819 
3.5 0.47062 
0.08874 0.54964 
0.64739 
0.76221 
0.88255 
0.93602 
0.95859 
0.97032 
0.25055 
0.27731 | 0.27161 
0.30284 | 0.29768 
0.33484 | 0.33030 
0.37532 | 0.37146 
0.42684) | 0.42371 
Os Syse 0.49255 | 0.49016 
0.57562 | 0.57392 
0.67795 | 0.67681 
0.79674 | 0.79603 
0.85847 | 0.85792 
0.88846 | 0.88799 
0.90581 |; 0.90539 
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TABLE 14. 


0.26012 


0.42043 


Effective Width 


QO. 
G. 
0. 
QO. 
QO. 
Q. 
QO. 
oe: 
Q. 
QO. 
oF 
0. 
Q. 
QO. 
Or 
QO. 
OR 


4O 


Effectiveness, p 


Max. 


Average 


0.24432 
0.26205 
0.28388 
0.31104 
0.34515 
0.38836 
0.44343 
0.51360 
0.60213 
0.71068 
0.7710 





0.96802 


Min. 


0.23791 
0.25607 
0.27839 
0.30610 
0.34082 
0.38469 
0.44044 
0.51127 
0.60039 
0.709K2 
0.77065 
0.80241 
0.82168 
0.2173 

0.23107 
0.24769 
0.26800 
0.29308 
0.32434 
0.36369 
0.41362 
0.47738 
0.55887 
0.60761 
0.63421 
0.65092 
0.22110 
0.24506 
@. 27931 
0.31391 
0.36366 
0.42813 
0.51142 
0.61667 
0.74200 
0.87307 
0.93088 
0.95526 
0.9679 









Sl --- 
ae at po or ¢ AR ve 4- - Pe J 


os ie es , _ _ 

. - ; = co _ a j o% a . 2 . . 5 - a. ~ 
‘ . . ne “i , oon “Sie ie a e ; , : La re -— . - 
‘ > “<- L 4 4 +e ~ 3 





ne 
- ¢ 





i 2 © 
~ — + see- 


tale Te: 
| | c ° ~~ = a °? = ws e * 7 7s. j 5 : * ; - . : 





53 eb 
“a Ve 7 oe 


You Re fat 2S Hee 





a ° 
he i - 
\ - S 2 


ol 


TABLE 15. Effective Width 


ae = 2.4762 for B = 5.0 


Effectiveness, p 


6B eisennagl® X ¥ Max. Min. 




















4.4380 0.22574 22110 
4.1192 0.24935 24506 
3. 0.27916 27531 
3.5) 0.31724 31391 
z. 0.36638 36366 
3. 0.43020 42813 
0.08430 2. 0.51283 51142 
2. 0.61750 61667 
2. 0.74243 74.200 
i. 0.87329 87307 
yk 0.93102 
GQ: 
O.4 
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3. 
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2. 
5.0 0.16710 a 
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TABLE 16. Effective ‘lidth 


Effectiveness, p 
0» 


~17492 
- 18796 
. 20387 
22348 
24792 
27876 
31809 
36885 
43hOy 
52128 
57369 
60247 
62058 
21382 
24167 
27741 
32383 
38464 
L6440 
56749 
69446 
83354 
95136 
98722 
99676 
99948 
1ofe7 
22063 
25032 
2885 3 
33824 
40338 
48858 
59776 
(agpe 
86784 
92832 
95368 
96683 
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TABLE 17. 


i = 4.0539 for B = 6.5 


Cc 









P "eLcenuee” 
0.16286 
6.5 0.24226 
(cont. ) ; 
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Effective Width 
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Effectiveness, 0 


Average 
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~63206 
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.17516 


19191 


. 21280 
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Min. 


18334 
20312 
22802 
259TT 
30072 
35409 
4206 
51534 
63131 
76841 
83942 
87370 
89346 
17151 
18838 
20942 
23600 
26997 
31393 
a1 ls 
44668 
S4uBy 
66868 
73905 
Lh 


15251 
16499 
18030 
19929 
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e9gehi 
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